, were the subjects of this study. The non-leukaemic patients did not show any serious disorders of haemopoiesis.
IN ACUTE leukaemia, mature granulocytes are usually reduced in peripheral blood and bone marrow. In such cases it could be considered that normal haemopoietic stem cells are merely replaced by leukaemic cells in haemopoietic organs or that normal haemopoietic stem cells are suppressed by leukaemic cells through such mechanisms as cell-to-cell interaction, humoral factors produced by leukaemic cells and so on.
Therefore, we wished to check the effects of leukaemic cells on non-leukaemic bone marrow cells when the two were cultured by the soft agar culture technique. Suppressive effects of leukaemic cells on non-leukaemic marrow cell colony formation were clearly observed.
MATERIALS AND MAIETHODS
-Ten non-leukaemic subjects with various haematological disorders together with 3 patients with acute leukaemia, as shown in Tables I and II , were the subjects of this study. The non-leukaemic patients did not show any serious disorders of haemopoiesis.
The bone marrow of the patients with acute leukaemia was highly infiltrated with leukaemic cells and no specific chemotherapy had been used at the time of bone marrow puncture.
The culture method used was a modification of that described by Pike and Robinson (1970) . Feeder layers of peripheral white blood cells collected from normal individuals were allowed to sediment by standing at room temperature for 45-60 min. The plasma, containing white blood cells, was removed and mixed with human AB type serum obtained from a normal volunteer to a final serum concentration of 15°o together writh McCoy's 5A medium fortified with a mixture of vitamins and amino acids (Nissui Co., Tokyo). To this mixture was added liquefied 3%o agar to give' a final concentration of 0-5%. One ml aliquots containing 1 x 106 white blood cells were placed in 35 x 10 mm plastic Petri dishes (Falcon Plastics).
The bone marrow cells for the upper layer w-ere obtained by sternal puncture and were washed twice with NCTC 109 solution (Difco). The red blood cells wmere removed by hypotonic lysis with distilled water for 2 min (Harris and Freireich, 1970 Japan. nuclear cells and a mixture of both, respectively, as described by other authors (Ichikawa, 1969) . After microscopical determination of colony type, cytological observations of colonies were made using the method described by Testa (Testa and Lord, 1970) .
In order to study the effect of leukaemic cells on the colony formation of normal bone marrow cells, we placed cells in the upper layers of agar cultures as shown in Tables I and II; (1) 2 x 105 non-leukaemic bone marrow cells, (2) 2 x 105 leukaemic bone marrow cells, (3) 2 x 105 non-leukaemic bone marrow cells plus 2 x 104 bone marrow cells from patients with acute leukaemia or 2 x 104 bone marrow cells from other non-leukaemic patients, and (4) 2 x 105 non-leukaemic bone marrow cells to which were added 2 x 104 cells taken from patients with acute leukaemia or from non-leukaemic patients, and which had been frozen and thawed 3 times before addition to the non-leukaemic cells.
RESULTS
Tables I and II summarize the numbers of colonies formed after 9 days of culture.
By our method, haematologically normal human bone marrow plated at 2 X 105 cells gave rise to 16-4 ± 2-4 colonies. The number of colonies was found to be linearly related to the number of marrow cells added to the culture over a range from 3 x 104 to 6 x 105 nucleated cells per dish. Tables I and II. When 2 x 105 non-leukaemic bone marrow cells were cultured with 2 X 104 leukaemic bone marrow cells, colony forming activity was significantly less than that of the control culture with 2 x 105 non-leukaemic bone marrow cells alone. The activity was further decreased when the number of added leukaemic bone marrow cells was increased to 1 X 105 cells (Table I , case H.K.). It seems that the degree of the reduction was not strictly proportional to the numbers of the added leukaemic cells. On the other hand, when 2 X 105 nonleukaemic bone marrow cells were cultured with 2 X 104 non-leukaemic bone marrow cells from other patients with various haematological disorders, the number of colonies formed increased, roughly corresponding to the numbers of added non-leukaemic bone marrow cells (Table  II) . Thus, the number of colonies formed in dishes cultured with leukaemic cells was significantly smaller than that in dishes cultured with non-leukaemic control cells.
The suppression of colony formation was also observed when leukaemic cells which had been frozen and thawed were added (case H.K. plus S.T., Table I ). On the contrary, there was a slight increase in numbers of colonies when the nonleukaemic cells which had been frozen and thawed were added to the culture.
DISCUSSION
In the present study, bone marrow specimens taken from all the cases of acute leukaemia were intensively infiltrated with leukaemic cells. Blastic cells accounted for more than 90% of the total bone marrow cells.
In our system, the bone marrow cells obtained from normal subjects showed less colony-forming activity than cells described by other authors (Iscove et al., 1971; Greenberg and Schrier, 1973) .
This may be due to the use of normal human serum in the culture medium instead of foetal calf serum and also to the use of hypotonic lysis to remove red blood cells.
The number of colonies formed was variable in cases of non-leukaemic patients suffering from different disorders. Poor colony forming activity in acute leukaemia has been reported by many authors (Senn, McCulloch and Till, 1967; Greenberg, Nichols and Schrier, 1971; Duttera et al., 1973) , although serum colonystimulating activity seemed to be high in some patients with leukaemia (Metcalf and Stanley, 1969) . In the present study, when leukaemic bone marrow cells were added to non-leukaemic bone marrow cells, colony formation was significantly suppressed. This suppression may be due to consumption of the medium by the coexisting leukaemic cells. However, when non-leukaemic bone marrow cells instead of leukaemic ones were added to control cultures, the number of colonies increased, roughly corresponding to the number of supplemented cells. Further, the number of colonies formed in cultures 3,5),8 S. CHIYODA, H. MIZOGUCHI, K. KOSAKA, F. TAKAKU AND) Y. MIURA fronm normal subjects was linearly related to the number of bone marrow cells plated in the range between 3 x 104 to 6 x 105. These observations suggest that in cases of acute leukaemia, low colonyforming activity is not simply due to consumption of the me(lium by leukaemic cells but to some more specific suppressive effects by leukaemic cells. For example, there could be a cell-to-cell interaction between leukaemic cells and normal haemopoietic stem cells. Humoral factors produced by leukaemic cells might also be a possible factor. In our preliminary experiments, a suppressive effect was observed even when the leukaemic cells were frozen and thawed before culture (case H.K. plus S.T.). On the other hand, suppression was not observed when non-leukaemic cells that had been frozen and thawed were added. Recenitly, a suppressive effect of the serum from acute leukaemia cases has been reported (Mintz and Sachs, 1973) . This may support the latter possibility. The suppression by the leukaemic cells did not correspond linearly to the number of added leukaemic cells, and this observation should be examined further.
Whether this kind of suppression is specific to the graniular series remains unknown. Preliminary experiments, however, showed that the response of bone marrowx cells to erythropoietin in vitro was also suppressed by leukaemic bone marrow cells, though the degree of suppression was smaller than that of colony formationi. These results require more detailed examination usinig larger numbers of cases of the disease to elucidate the range of the colony forming suppression, and the mode of action of the leukaemic cells in bringing about the suppression.
